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Introduction
Often referred to as the invisible injury, concussion with its hidden nature is difficult to detect and diagnose. Concussions, a form of traumatic injury, are a serious public health concern. 11 Concussion is a complex pathophysiologic process resulting in neuropathological, functional disturbances rather than a structural injury to the brain. Concussion cannot be ascertained on traditional neuroimaging tests and is diagnosed solely on clinical findings and physical exam. 21, 26, 29, 41, 48, 56, 57, 81 While most individuals fully recover 7-14 days following injury, the signs and symptoms have physical, cognitive, psychological, and emotional implications that last several minutes to several months and even longer in some cases. 23, 26, 51, [55] [56] [57] 63 Symptoms most commonly associated with concussion are headache, dizziness, fatigue, memory and concentration problems, irritability, sleep and mood disturbances, and balance impairments. 3, 11, [54] [55] [56] Concussion can occur in any youth sport activity, and concussion rates are on the rise with approximately 1.6 to 3.8 million sports-related concussions each year. 7, 10, 15, 19, 26, 31, 33, 44, 50, 72 There are an estimated 45 million American youth who participate in organized or recreational nonscholastic sports yearly. 65 Youth athletes 5-18 years of age account for 65% of sports and recreational traumatic brain injury, including concussion, treated in US emergency departments annually. 10, 11 With participation in youth sports at an all-time high 62 and the prevalence of sportsrelated concussion higher in children than adults, 4, 19, 30 the commonality of concussion in the pediatric population results in a potential for significant acute and long-term complications on youth neurodevelopment. A single concussion suffered in childhood in rare cases has been linked to long term and permanent disabilities, and multiple concussions have particularly severe consequences. 26, 35, 58, 59 A child who suffers one concussion is four to six times more likely to suffer a subsequent concussion. 8, 28, 39 The youth athlete should be managed more conservatively secondary to longer recovery times, possible long term effects, and potential catastrophic effects of early return to play such as Second Impact Syndrome (SIS), which in rare cases can result in death. 35, 36, 58 It is therefore critical that individuals involved in youth sports, parents in particular, can recognize concussion signs and symptoms in a timely manner to ensure proper concussion management as these symptoms can have long term effects on a child's thinking, memory, learning, language, and emotions. 17, 26, 33, 45, 56, 63, 74, 84 Yet, it is estimated that 50%-70% of sportrelated concussions go unreported and undetected. 14, 52, 59, 83 Underreporting is a product of a lack of knowledge, and poor awareness of concussion is a significant barrier to proper identification and management of concussion injuries. 12, 14, 52, 59, 83 Legislatures across the United States have developed policies to protect youth athletes in response to the prevalence of concussive injury and increasing numbers of catastrophic outcomes. 25 As early as 2014, all 50 states and the District of Columbia had passed concussion laws designed to protect the youth athlete, requiring that athletes be removed from play and cleared by a licensed healthcare provider before being allowed to return to practice or competition. Legislation has been targeted at coaches, parents, and athletes to promote safety, concussion knowledge, and awareness in youth scholastic sports. 20 However, a majority of concussion laws in place only address concussion and return to play practice standards for the "interscholastic athlete." An interscholastic athlete is any athlete who is participating in athletics at the school level, typically high school or middle school, whereas a club sport is any activity involving physical exertion and skill in which an individual or team competes against another but that is not organized by a school system. Most legislative efforts do not apply to children participating outside of school sanctioned sporting events, thus leaving youth participating in club and other recreational sporting events at increased risk for catastrophic injury. 46 Many state laws focus on parental knowledge and awareness of concussion because parents play a key role in recognizing and seeking treatment for their child. 5, 13, 45, 49, 62, 74, 75 A majority of youth club sports teams and organizations are manned by volunteer coaches without on-site physicians or athletic trainers. 73, 82 Several studies have demonstrated gaps in knowledge, identification, and management of concussion among athletes, coaches, physicians, and athletic trainers. 17, 32, 38, 48, 61, 64, 73 Therefore, it is imperative that parents be aware of the dangers of sustaining a concussion and knowledgeable of concussion signs and symptoms. 14, 45, 52, 73 The first and most important step in concussion management is recognition that an injury has occurred. 17, [52] [53] [54] [55] In the absence of medical personnel on-site for most club sports activities, parents and coaches must recognize that a concussion has occurred. 45, 49, 75 Parents of youth play a significant role in identification and management of sport-related concussion, but are often unaware of the consequences of concussion and lack knowledge and ability to recommend concussion management. 13, 40, 43, 45, 73, 75 Studies examining parental knowledge and awareness of sports-related concussion have demonstrated critical deficiencies. 5, 13, 17, 18, 32, 43, 45, 49, 64, 67, [73] [74] [75] 77, 79, 80 A majority parents (50-75%) failed to recognize that concussion was a mild traumatic brain injury, and up to 80% were unaware of medical clearance requirements for return to play. 18, 32, 43, 49, 64, 73, 75, 79, 80 Parents of youth athletes demonstrated difficulty discerning between correct and incorrect concussion signs and symptoms, missed difficulty falling asleep, increased emotion/irritability, mood alterations, and disorientation as common concussion signs and symptoms, and failed to recognize persistent symptoms associated with postconcussion. 13, 17, 37, 49, 67, 74, 77 In an effort to reduce injury, raise public awareness, and provide education in to protect people of all ages, especially children and teens, from the effects of concussion and other serious brain injuries. 9, 11 The Heads Up initiative included easy-to-follow educational fact sheets, booklets, wallet cards, clipboard stickers, and videos for educating youth sport coaches, parents, and athletes. 5, 11, 16, 36, 71 Studies to evaluate this CDC educational initiative found the program to be effective overall. Coaches who utilized the toolkits reported being better able to identify athletes who have a concussion, taking concussions more seriously, and learning something new about concussion. When coaches were asked which materials they planned on using in the future, the educational video and parent's fact sheet were most reported. 16, 71 When the materials, originally designed for use with coaches, were modified to address a small group of parents, evidence of a positive impact on perception and awareness of concussion was reported. 47 Youth are playing more sports at more intense levels with increased risk for serious injury, yet parents' concerns have not risen similarly. 34 Concussion laws and regulations are narrow in practice and apply only to school sanctioned interscholastic youth sporting events.
Studies have explored the effects of parental knowledge on early concussion detection, management, and effectiveness of educational initiatives. Research to date has generally involved small numbers of participants, few sports, and narrow geographic representation. 5, 13, 32, 37, 43, 45, 47, 49, 62, [73] [74] [75] 77 Regardless of severity, concussion is a serious injury with potentially catastrophic, life-altering consequences. Proper concussion identification is a key factor in concussion management and parents play a vital role in concussion identification and treatment adherence. Despite a surge of information, legislative efforts, and media coverage, research in the area of improving parental knowledge of sport-related concussion through educational interventions remains limited. The purpose of this study was to (1) investigate current knowledge of concussion among parents whose children age 5-18 years play a club sport and (2) identify the effects on concussion knowledge change of the CDC Concussion Awareness Video compared to the CDC Concussion Fact Sheet for Parents educational interventions.
Methods
Participants
Participants were 140 youth club sport parents (101 female, 39 male) from Maryland, Ohio, Pennsylvania, and West Virginia whose children played the following club sports:
football, soccer, lacrosse, basketball, hockey, wrestling, baseball, volleyball, softball, cheerleading, gymnastics, swimming, flag football, tennis, equestrian, cross country, archery/air rifle, and dance. Parent participants ranged in age from 29 to 62 years (mean=43.1, SD=6.4 years), were well educated, and affluent. Participant demographics are listed in Table 1 .
Measure
The measure initially was developed utilizing peer reviewed literature and the CDC "Heads Up to Parents" educational initiative. The measure was revised in response to feedback from two survey experts and one content expert, as well as information from a pilot with 24 youth sports parents. The revised measure utilized a 5-point Likert-type response scale, included 53 items measuring concussion knowledge, and demonstrated good internal consistency (Cronbach's Alpha= 0.83). Consistent with previous research, some items required participants to distinguish appropriately between true and false concussion signs and symptoms. 13, 37, 49 
Procedures
Institutional Review Board approval is on file, and all participants viewed informed consent information before completing the online survey pre-intervention. Parents of children 5- 
Data Analysis
Data were recorded through the Qualtrics software (Qualtrics, Provo, UT) and imported into SPSS (SPSS Inc., Chicago, IL) for analyses. Descriptive statistics were used to characterize population attributes, including demographics of both parent and child, previous concussion information received, and pre-and post-intervention concussion knowledge. Hierarchical multiple regression analysis was conducted with predictors entered in blocks to control for their influence on predictors entered in later blocks: pre-intervention knowledge and previous concussion information received entered in block one; age in years, gender, educational attainment, and income entered in block two; and type of educational intervention entered in block 3. Educational level was categorized as a) less than Bachelor degree, b) Bachelor degree, or c) graduate degree / professional degree, and dichotomous predictor variables were created using dummy coding and the lowest category as baseline reference. 24 Income status was classified as a) less than $100,000 or b) $100,000 or more. Prior concussion information received was calculated as the number of types of information indicated and educational intervention was categorized as either video intervention or print material intervention. Assumptions underlying multiple regression were met (no influential outliers, no multi-collinearity among predictors, homogeneity and normality of residuals), and power analyses indicated the sample size was appropriate to detect a medium effect size. 24
Results
Demographic Data
Demographics for 140 parents whose children played a club sport are provided in Table   1 . The mean age of respondents was 41.1 years (SD= 6.4; range= 29-62) with mothers accounting for 72.1% of the respondents. The average number of children reported per household was 2.34 children (SD= 0.89; range= 1 to >5) with a mean age of 11.6 years (SD= 3.3; range= 5-18 years). All respondents reported graduating from high school or equivalent with 78.6% attaining a bachelor's degree or higher. Household income ranged from 2.1% with < $25k to 66.4% with ≥ $100k (see Table 1 ). Figure 1 shows the club sports in which youth participated. 17.1% of parents reported that their child had sustained a concussion. Of those who reported a concussion, 5.0% occurred in soccer, 2.9% each in football and hockey, 2.1% in basketball, 1.4% in baseball, and 0.7% each in flag football, gymnastics, softball and volleyball.
Parental Knowledge of Concussion Pre-Intervention
In general, parents demonstrated a moderate level of concussion knowledge prior to the intervention (mean= 3.37, SD= 0.26) (see Table 2 ). Parents of children who play club sports reported excellent awareness of concussion with 99.3% reporting agreement to being aware of sport-related concussion. In contrast, only 59.3% of parents reported being aware of second impact syndrome. Only 44.3% of parents agreed that they had received information about concussion prior to their child's participation in the club sport with a majority (54.3%) reporting that the information came from soccer clubs. Of the prior information received, information about concussion signs and symptoms was most reported (44.3%) followed by a concussion fact sheet (42.9%) (see Figure 2) . A small portion of parents (19.3%) were aware of any type of cognitive pre-testing for their child prior to club sports participation. Of those that were aware, cognitive pre-testing occurred most frequently (49.3%) in soccer followed by basketball (27.1%), baseball (22.1%), and gymnastics (20.0%). Only a little more than half of parents (56.4%) were aware of the CDC's "Heads Up: Concussion in Youth Sports" initiative.
Most parents (98.5%) agree that it is important to be knowledgeable about sports-related concussions while 68.5% feel that concussions are a critical issue in the club sport their child participates in. Most parents (89.3%) reported feeling that they would be able to recognize concussion signs and symptoms in their child, but only half of all parents (50.7%) agreed that they would be able to determine when their child was ready to return to sport after suffering a concussion. More than half of parents (57.1%) either did not know or disagreed as to whether the club organization in which their child participated had a return to play policy and 60% of parents were unsure or disagreed that their child's coach was trained through the CDC's "Heads Up" initiative. Most parents (79.9%) were either unsure or disagreed with knowing the state in which they lived had concussion legislation to protect their child. Not even half of parents (48.6%) were confident in their child's coaches' ability to identify concussion. In regards to medical personnel trained to identify concussion, 46.4% of parents agreed that such personnel were present for competitions and only 19.3% for practices. Roughly two-thirds of parents (68.5%) were aware of online training tools geared toward the parent about sports-related concussions.
Overall, there was a high level of agreement that concussion is a type of brain injury (98.6%), that all concussions are serious (95.7%), that concussions can occur without a loss of consciousness (97.9%) or a blow to the body (84.3%), and that concussion can occur in any sport or recreational activity (99.3%). Almost all parents (95%) agreed that if a child suffers a concussion, they cannot return to play the same day and should not return to play until they are symptom free. 93.5% of parents agreed that a loss of consciousness is not necessary for the concussion diagnosis, but 62.9% were unsure or disagreed that most concussions are preventable. Nearly 20 percent (17.8%) of parents were unsure or disagreed that a repeat concussion before recovery from the previous concussion could result in death. A large portion of parents (78.6%) were unsure or agreed that brain imaging (CT and MRI scans) can be used to diagnose concussion. Nearly half of parents (47.9%) were unsure or disagreed that a "bell ringer" is the same thing as a concussion, and 19.9% of parents agreed that symptoms from a concussion will occur right away.
In general, a majority of parents were able to accurately (> 90%) identify 10 of the 16 true concussion signs and symptoms, which included neck pain, sensitivity to light and noise, difficulty concentrating, balance problems, fuzzy or blurred vision, difficulty remembering new information, difficulty thinking, dizziness, nausea/vomiting, and difficulty speaking. True signs and symptoms associated with concussion that were less accurately identified by parents included feeling tired/no energy (82.2%), headaches (80%), change in sleep habits (78.6%), mood changes (75.7%), irritability (71.4%), and nervousness/anxiety (67.8%). A large portion of parents (>75%) inaccurately rated as a high level of importance false or "red herring" signs and symptoms as indicators they would keep their child out of play and seek medical attention.
The "red herring" signs that were rated with a high level of importance included inability to swallow (98.6%), chest pain (98.6%), hearing voices (95.8%), difficulty with urination (83.5%), and lowered pulse rate (77.1%). Rated lower but still at a moderately high level of importance were false signs and symptoms of concussion including difficulty with defecation (67.2%), feelings of euphoria (67.2%), and sinus congestion (37.8%). Table 3 for pre-knowledge, prior concussion information received, income, education, gender, and age (see Table 3 ). There were no other statistically significant effects.
Educational Intervention and Impact on Concussion Knowledge
Discussion
Most parents reported awareness of sports-related concussion as a type of brain injury and an important topic to be knowledgeable about, yet a third reported that concussions were not a critical issue. These findings are consistent with previous studies in that parents may demonstrate a moderate to high level of concussion knowledge and awareness, but critical knowledge gaps placing children at risk remain. 5, 13, 37, 43, 45, 47, 49, 64, 75, 79, 80 There is growing evidence to suggest that children are more susceptible than adults to permanent and devastating cortical brain damage, taking longer to recover to baseline neurocognitive status, than their adult counterparts. 1, 2, 4, 6, 20, 22, 23, 27, 33, 36, 53, 62, 69, 70, 76, 78, 85 For example, one study demonstrated the average number of days to return to cognitive baseline was longer for youth 13-16 years than for [18] [19] [20] [21] [22] year old athletes in verbal memory, visual memory, reaction time, and post concussive symptoms. 4 Despite policy changes in all 50 states and a surge in concussion education initiatives, this study found an alarming number of parents did not receive concussion education prior to their child's participation in club sports. Many parents in the study reported that brain imaging (CT and MRI scans) can be used to diagnose concussion, which is a well-documented inaccuracy, 56 and nearly half were unaware that a "bell ringer" is the same thing as a concussion.
Very few parents were aware of baseline cognitive testing or a return to play policy in the club their child participated in, and most parents were unaware of legislative policy in their state.
This lack of information dissemination and baseline testing puts youth athletes at risk. These findings are consistent with previous literature regarding lack of adherence and implementation of return to play guidelines by club sport organizations. 32, 43, 79 In one such study, only 7% of parents or children reported receiving any type of concussion education or return to play guidelines from their sports organization. 32 Similar to previous studies, parents in this study demonstrated a general overestimation in regards to both true and false signs and symptoms of concussion. 13, 37 All eight "red herring" distractor signs and symptoms were rated as high or higher than signs and symptoms truly associated with concussion. The lowest reported true symptoms of concussion were nervousness/anxiety, irritability, mood changes, change in sleep habits, and headaches. This is consistent with previous findings and clearly warrants educating parents to accurately identify signs and symptoms associated with concussion as this is a primary factor in the identification of concussion. 13, 17, 37, 49, 56 With children participating in sports at a higher, more intense level than ever before, and considering the time children spend away from home participating in a club sport, confidence in club coaches and organizations would seemingly be of utmost concern. Surprisingly, less than half of parents in this study reported confidence in their child's coach's ability to identify concussion, and even fewer believed their child's coach had any formal concussion training.
Parents were unsure and unaware whether there were trained medical staff at either practice or competition who could identify concussion. Only about half of parents in this study had heard of the CDC's "Heads Up: Concussion in Youth Sports" initiative. These findings are consistent with previous studies indicating continued need to educate those involved in youth sports. 5, 13, 32, 43, 49, 74, 79, 80 With the mounting evidence of concussion knowledge gaps in parents of youth athletes, there has been a stark lack of research focused on narrowing knowledge gaps through educational interventions. This study presented parents with one of two (randomized) educational interventions, and knowledge of concussion improved significantly following intervention, albeit the size of that effect was small ( Table 2 ). Knowledge change can occur and knowledge gaps can narrow with education. 47 By far the greatest predictor of post-intervention knowledge of concussion in parents whose children play a club sport was the level of pre-intervention knowledge. This is consistent with other findings in that parents who received concussion information in the past had better overall knowledge. 67 Gender, as identified in previous studies, 13, 45 was the only demographic variable that was significant in predicting post-intervention knowledge. Females generally had slightly higher post knowledge of concussion scores after controlling for prior knowledge and other demographics.
Contrary to previous findings, age, education, and household income did not affect concussion knowledge in parents whose children play club sports. 17 These findings validate the need for continued outreach and educational initiatives geared toward those involved in youth sports.
Clinical Relevance
Findings from this study suggest that neither the video intervention nor the online print material was a better predictor of post-knowledge of concussion after controlling for preknowledge and demographics. The interventions were similar in content but delivered in different modalities. There was a small positive effect of intervention on concussion knowledge regardless of intervention type. The lack of larger change in parental knowledge despite intervention could be that the interventions, despite mode of delivery, do not meet the need of the target audience. In this case, the audience was parents, who are adult learners. Andragogy, the method of teaching adults, is based on a core set of principles, few of which were met in this type of intervention. These principles include the learner's need to know, previous experiences, self-concept, readiness to learn, orientation to learning, and motivation. 42 Adults need to understand the reasoning and the importance of learning something prior to taking on the task of learning. In this case, one-third of parents did not feel that concussions were a critical issue in the sport in which their child participated lending to potential perceived lack of "need to know." The principle of self-concept and orientation to learning is that adults are responsible for their own decisions, capable of self-direction, and motivated to learn to the extent that they feel learning will help them with a particular task or situation they may encounter in everyday life. 42 Many of the current concussion education programs, including the ones in this study, consist of presenting the learner with material that is to be synthesized and "learned" in a context that violates many of the principles of adult learning. Presentation of written material or requiring an individual to view a video is a passive attempt to educate about a very important topic. One single approach to teaching does not work for most learners and this type of education eliminates active participation, which has been shown to help learners integrate important information. 42 Improving concussion educational interventions to meet the core principles of adult education would ultimately improve the outcome of learning. Presenting parents with objective and concrete information as to why knowledge of concussion is important would assist with the adults learners "need to know" instead of passive presentation of material without knowledge of importance. The learning experience should provide enough time for synthesis of the material but also allow for the learners active participation in a multifaceted approach to learning.
Providing structure but allowing for flexibility in the learning environment is crucial in that it allows for balance between the learners responsibilities and self-concept to readiness to learn.
Successful adult educational programs tap into the experiences of the learner and employ strategies to encourage application of new information through techniques including group discussions, simulation exercises, case study methodology, and problem solving activities. 42
Limitations
Limitations of this study include the brevity and somewhat narrow scope of intervention focused on parental concussion knowledge, inability to assess maintenance of knowledge change over time beyond immediate post-intervention, limited geographic region across four states in the US, and modest sample size given hundreds of thousands of participants in youth club sports through the year across the United States.
Despite these limitations, this study is an extension of several previous studies. There is sufficient evidence that parents lack concussion knowledge. Consistent with previous findings, this study confirms dangerous concussion knowledge gaps in parents of youth athletes, but it identifies areas of concern in concussion education. Many of the previous studies recommend continued education for the lack of parental knowledge but stop there without examining concussion intervention effectiveness. This study takes previous findings a step further, examining knowledge gaps in parents whose children play club sports and studies the effectiveness of concussion interventions on the identified gaps in knowledge.
Conclusion
This study confirms the presence of gaps in knowledge of concussion in parents whose children play club sports. Without the protection of concussion legislation, those athletes who participate in club sports are at particular risk due to lack of concussion knowledge and education. This study identified critical deficiencies in need of immediate improvement for those who are involved in club sports. However, this study confirms that education can have a positive impact on parental knowledge of concussion. Pre-knowledge of concussion is the greatest predictor of post-concussion knowledge, therefore pre-assessment of target audience knowledge followed by a custom educational intervention taking into account principles of adult learning may be the best way to increase parental concussion knowledge. Interventions should utilize teaching strategies targeted to adult learners and allow time for reflection and discussion to facilitate assimilation of new information. Concussion policy content should be included regardless of mode of delivery as most concussion educational initiatives are deficient in this content area. Further investigation of educational intervention mode of delivery is warranted, but education is the key to protecting youth who participate in sports at the club level. 
